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Abstract

Sarcopenia is a well-known complication of chronic liver
disease (CLD), and it is almost always observed in patients
with cirrhosis, at least in those with decompensated disease.
Since nonalcoholic fatty liver disease (NAFLD), recently re-
named metabolic dysfunction-associated steatotic liver dis-
ease (MASLD), is becoming the leading cause of end-stage
liver disease, a new scenario characterized by the frequent
coexistence of NAFLD, obesity, and sarcopenia is emerging.
Although it is not yet resolved whether the bidirectional re-
lationship between sarcopenia and NAFLD subtends causal
determinants, it is clear that the interaction of these two
conditions is associated with an increased risk of poor out-
comes. Notably, during the course of CLD, deregulation of
the liver-muscle-adipose tissue axis has been described. Un-
fortunately, owing to the lack of properly designed studies,
specific therapeutic guidelines for patients with sarcopenia in
the context of NAFLD-related CLD have not yet been defined.
Strategies aimed to induce the loss of fat mass together with
the maintenance of lean body mass seem most appropriate.
This can be achieved by properly designed diets integrated
with specific nutritional supplementations and accompanied
by adequate physical exercise. Future studies aiming to add
to the knowledge of the correct assessment and approach to
sarcopenia in the context of NAFLD-related CLD are eagerly
awaited.
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Introduction

Nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH), recently renamed metabolic dys-
function-associated steatotic liver disease (MASLD), and
metabolic dysfunction-associated steatohepatitis (MASH),!
are becoming principal causes of chronic liver disease (CLD)
and cirrhosis in Western countries.2 They are associated with
the increasing prevalence of type 2 diabetes mellitus and
obesity. Although frequently being a simple epiphenomenon
of dysmetabolism, they behave in some patients as a pro-
gressive liver disease evolving toward cirrhosis and hepato-
cellular carcinoma (HCC).2

The European Working Group on Sarcopenia in Older Peo-
ple has defined sarcopenia as the loss of muscle strength and
mass and reduced physical performance.? However, unlike
the geriatric literature,3 in most studies of patients with CLD,
the operational definition of sarcopenia considers only mus-
cle mass. In this study, we use the term sarcopenia mainly
to refer to studies in which the definition was based on the
reduction of muscle mass. Sarcopenia is a very frequent and
overlooked complication of CLD. Recently, it has been recog-
nized as a modifiable determinant of liver disease outcomes,
whose recognition and periodic assessment are critical be-
cause of its strong association with quality of life, morbidity,
and mortality.4-®

The prevalence of this condition in cirrhosis is very high,
ranging from 30 to 70% depending on the population ana-
lyzed.” Moreover, it is still not clear to what extent the etiol-
ogy of liver disease is involved in determining the develop-
ment and progression of sarcopenia. A study demonstrated
that the etiology of liver disease was an independent risk
factor for sarcopenia, and alcoholic CLD was associated with
a faster decline of muscle mass.* However, a more recent
study found the prevalence of sarcopenia in cirrhosis (47%)
was not related to the etiology of liver disease.8

From a physiopathological point of view, the role of sarco-
penia in patients with NAFLD and obesity is attracting more
and more attention. In this context, the increasing preva-
lence of metabolic abnormalities in the elderly leads to the
frequent coexistence of sarcopenia with NAFLD. However it
is not clear whether this association is casual or there is a
direct link. There is a growing body of literature examining
the bidirectional relationship between sarcopenia and NAFLD
in the evolution of CLD.9-12 Although the clinical relevance
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Fig. 1. Summary of the main relevant players contributing to sarcopenia in cirrhosis: hormonal dysregulation, metabolic alterations and pro-inflammatory
status. T, increase; |, decrease; BCAA, branched chain amino acid; IGF-1, insulin-like growth factor-1.

of sarcopenia in the context of CLD is well recognized, with
growing evidence on the complex bidirectional pathophysiol-
ogy of sarcopenia and NAFLD, few reports have focused on
the treatment of such patients in that specific setting. The
novelty of this review is that in addition to providing an over-
view of both the physiopathological and clinical aspects of
sarcopenia, it aims to focus on the most recent investigations
of the management of sarcopenia in this specific setting.

Sarcopenia in CLD

In CLD, the presence of sarcopenia is associated with a re-
duced quality of life and increased morbidity and mortal-
ity.4:513 Moreover, in patients with HCC, the presence of sar-
copenia is associated with reduced survival independent of
tumor stage and treatment modality.14 Various techniques
have been applied for the diagnosis of sarcopenia in this
specific setting; and, to date, the most validated tool is the
skeletal muscle mass index (SMI). The SMI is estimated at
the third lumbar vertebra (L3-SMI) by computed tomography
and magnetic resonance imaging.1>-17 It has the strongest
correlation with relative total body skeletal mass.18:19 Never-
theless, because of radiation exposure and cost, these tech-
niques have not been widely adopted in clinical practice. The
use of more accessible and feasible tools, i.e. ultrasound, is
still under evaluation.2%:21 In addition, bioimpedance analy-
sis and dual-energy X-ray absorptiometry, although being
rapid and safe, have lower diagnostic accuracy in cirrhotic

patients because of the interference of ascites and fluid re-
tention. Finally, handgrip strength and physical performance
have been associated with adverse clinical outcomes in pa-
tients with end-stage liver disease.?2 However, when results
are normalized to body mass index, their accuracy is reduced
in the context of decompensated liver disease.?®> Moreover,
although safe, inexpensive, and reproducible, their reliability
may be affected by the presence of covert hepatic encepha-
lopathy and musculoskeletal comorbidities.

The pathogenic mechanisms leading to development of
sarcopenia during liver disease are peculiar, as the impair-
ment of liver function and portal hypertension are respon-
sible for unique metabolic disturbances. Indeed, hyperam-
monemia, glucose level, alteration of protein metabolism
[insulin resistance and branched chain amino acid (BCAA)
catabolism], hormonal defects (reduced testosterone and in-
creased myostatin levels), inflammation and malabsorption
are all important determinants of muscle wasting (Fig. 1).

Sarcopenia and NAFLD

A bidirectional relationship between sarcopenia and NAFLD
has been clearly described, and their coexistence has been
associated with an increased risk of poor outcomes.?* How-
ever, as most of the available studies are cross-sectional, it
is still not clear whether this association is simply the con-
sequence of shared risk factors, results from a causal re-
lationship, or in this case, whether sarcopenia is a conse-
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quence or a cause of NAFLD. Sarcopenia increases the risk of
NAFLD [odds ratio (OR) 5.16, 95% confidence interval (CI):
1.63-16.33]° and NASH (OR 2.30, 95% CI: 1.08-4.93) in-
dependent of metabolic syndrome features.10 In addition, it
is associated with the stage of liver fibrosis independent of
insulin resistance and body mass index (OR 2.05, 95% CI:
1.01-4.16).10 Small longitudinal studies have even shown a
resolution of NAFLD in patients increasing their skeletal mass
over time.2> On the other hand, the presence of NAFLD is as-
sociated with a reduction in muscle mass (OR 1.65, 95% CI:
1.19-2.31) and strength (OR 2.29, 95% CI: 1.61-3.26), and
with the development of sarcopenia.2® Intriguingly, recent
data also suggest a combined detrimental effect of NAFLD
and sarcopenia on the risk of extrahepatic outcomes such as
cardiovascular atherosclerotic disease.?”

Sarcopenic obesity

Overweight and obesity are among the main risk factors for
NAFLD. The epidemiological scenario favors the coexistence
of sarcopenia and obesity, so called sarcopenic obesity, in
patients with CLD.28-30 In the general population, sarcopenic
obesity has been clearly associated with increased risks of
morbidity, frailty, and mortality.31:32 In patients with cirrho-
sis, the available studies are limited and report prevalence
of sarcopenia of between 20% and 35%.33:34 In the context
of liver disease, sarcopenic obesity has been associated with
worse outcomes in terms of mortality [hazard ratio (HR)
2.00, 95% CI: 1.44-2.77, p<0.001]3* and an increased risk
of developing NASH (OR 2.28, 95% CI: 1.21-4.30)3% and
severe liver fibrosis.12:36 Moreover, in sarcopenic obesity, two
major risk factors for the development of HCC, i.e. obesity
and NAFLD, cohabit almost constantly in the same subject.3”
Recent data suggest that sarcopenic obese patients under-
going liver resection for HCC have reduced overall survival
compared with nonsarcopenic patients (45.6% vs. 61%,
p=0.002).38 Notably, sarcopenic obesity is also associated
with an increased risk of cardiovascular and metabolic dis-
eases?’:39 and an increased risk of cancer-related mortality
compared with sarcopenia without obesity/NAFLD.4? Overall,
in NAFLD patients, sarcopenia should be considered as an
adjunctive risk factor for both hepatic and extrahepatic out-
comes, although larger studies are expected to clarify its net
contribution to the incidence of each event.

Peculiar pathogenesis of sarcopenia in patients with
post-NASH cirrhosis and obesity

Sarcopenia occurring in the context of CLD is a multifacto-
rial and complex process, the mechanisms of which have not
been fully characterized. Indeed, few preclinical and clinical
studies are available, and most of the knowledge has been
derived from observational studies.® The pathogenesis of
sarcopenia in patients with post-NASH cirrhosis is even more
peculiar, with a bidirectional interaction between NAFLD and
muscle wasting that evolves along all the natural history of
CLD. In this context, it is not easy to recognize where de-
regulation of the muscle-liver-adipose tissue axis begins,
and different pathogenic mechanisms have been proposed.
Above all, insulin resistance, chronic inflammation, myokine
secretion, dysbiosis, and physical inactivity are all considered
potential contributors to disease development/progression
and to the occurrence of poor outcomes (Fig. 2).4!

Insulin resistance

In addition to being a characterizing feature of NAFLD, in-
creased insulin resistance is specifically associated with the
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evolution of CLD toward cirrhosis. The anabolic role of insulin
in muscle tissue is well known. In addition to its role in post-
prandial muscle uptake of glucose through the transmem-
brane translocation of glucose transporter 4,42 insulin has
an anabolic role in muscular tissue [enhancing protein syn-
thesis*2 and inhibiting proteolysis through the mTOR com-
plex (mTORC) 1 and the MAP-kinase MEK/ERK pathways].
Therefore, insulin resistance is associated with disruption of
muscle metabolism,43 reduced physiological protein turnover
rate, downregulation of mitochondrial protein synthesis, in-
creased proteolysis, and an impaired response to oxidative
stress.424445 Insulin resistance also favors hepatic gluco-
neogenesis through muscle proteolysis, thus contributing to
the loss of muscle mass.2446 Furthermore, it hinders insulin/
mTORC 2 signaling, thereby promoting enhanced production
of pro-inflammatory cytokines in adipose tissue.*” This in
turn contributes to a pro-inflammatory state and the acceler-
ation of protein breakdown, increasing the BCAAs catabolism
and inducing myostatin expression.48

Chronic inflammation

Obesity is characterized by increased secretion of proinflam-
matory cytokines by visceral fat tissue, including interleu-
kin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and in-
terleukin-1 beta (IL-1B),*° which promotes oxidative stress
in both muscle and the liver. In the first case, IL6 inhibits
the anabolic role of insulin-like growth factor, leading to a
reduced myogenesis and increased protein catabolism with
muscle mass loss and sarcopenia.5? Instead, in the context
of NAFLD, cytokines have a crucial role in the development
and perpetuation of NASH.>!

Myokines

As skeletal muscle protects against sarcopenia by secret-
ing myokines, their role in liver disease is being increasingly
studied. Mainly, the roles of myostatin and irisin have been
explored (Fig. 3). Myostatin, the only known negative regu-
lator of muscle growth, has a key role in muscle cell prolif-
eration and differentiation, muscle fiber type transformation,
and muscle protein synthesis and degradation.52:53 Elevated
myostatin levels negatively regulate the proliferation and
differentiation of satellite cells.>* The role of myostatin in
regulating fat mass has also been explored, yielding clear
evidence of its effects on adipogenesis®3 and that its inhibi-
tion contributes to fat loss.55 Myostatin is increased in both
obesity56 and cirrhosis, where deterioration of liver function
and hyperammonemia determine a significant elevation of its
levels, favoring the development and progression of sarcope-
nia.>” Indeed, myostatin levels are an independent predictor
of worse survival in patients with cirrhosis.>8

Irisin is a more recently identified myokine whose role in
the evolution of sarcopenia remains unclear, but it is defini-
tively involved. This myokine regulates glucose metabolism
and insulin sensitivity in skeletal muscle and may be a bio-
marker of sarcopenia.>® Decreased irisin concentrations have
been observed in patients with cirrhosis,®® and were found to
be independently associated with the presence of sarcopenia
(OR 0.993, p<0.001). Increasing irisin may be an important
target in the treatment of sarcopenia; notably, physical ac-
tivity is capable of achieving this goal.6! Some reports have
challenged the association of irisin levels with sarcopenia in
cirrhosis,%2 and it is still not known whether the lower irisin
concentrations observed in CLD are caused by muscle wast-
ing or vice versa.

Myokines have demonstrated a possible role throughout
the entire natural history of NAFLD. For example, irisin has
a protective role by averting hepatic steatosis, improving
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Fig. 2. Liver-muscle-adipose tissue axis deregulation as the trigger of sarcopenia during the natural history of NAFLD. Insulin resistance is a key determinant
of proteolysis and BCAAs catabolism; obesity, through the associated pro-inflammatory status, and physical inactivity contribute to disturbance of muscle metabolism.
When liver disease progresses to advanced fibrosis/cirrhosis, hyperammonemia contributes to myostatin axis deregulation and muscle catabolism. Dysbiosis and endo-
toxemia foster chronic inflammation, oxidative stress, and insulin resistance. BCAA, branched chain amino acid; IL-1B, interleukin-1 beta; IL-6, interleukin-6; NAFLD,
nonalcoholic fatty liver disease; MAP-kinase, mitogen-activated protein kinase; mTORC, mammalian target of rapamycin complex; TNF-a, tumor necrosis factor-alpha.

insulin resistance, and inducing the production of fibroblast
growth factor 21.24 Conversely, myostatin contributes to he-
patic fibrogenesis. In addition, a recent study performed in
patients with NAFLD showed an association between fibrosis
stage, sarcopenia, and irisin concentration.®3

Dysbiosis

Several studies have found a significant correlation between
dysbiosis and obesity, as well as between gut microbiome
dysregulation and liver cirrhosis.®465 The obesity-related gut
microbiome was shown to increase intestinal permeability and
the secretion of lipopolysaccharide.5> Similarly, the gut dys-
regulation observed in cirrhosis is characterized by increased
intestinal permeability and endotoxemia®:67 that contribute
to chronic inflammation, oxidative stress, and insulin resist-
ance during sarcopenia development and progression.

Physical inactivity

Physical activity is reduced in cirrhotic patients and this could
depend on liver related factors, e.g., reduced ventilatory ca-
pacity, decreased inspiratory pressure, etc., or unrelated fac-
tors, e.g., oxygen reduction caused by anemia and/or blood
flow alterations.®8:69 In addition, older age and other comor-
bidities can further contribute to physical inactivity. Finally,
a sedentary lifestyle and physical inactivity are often associ-
ated with NAFLD, contributing to the development of over-

weight and obesity. All these factors, frequently coexisting
in patients with fibrotic CLD and post-NASH cirrhosis, make
physical inactivity an important contributor to the progres-
sion of sarcopenia in this clinical context.”0-73

Myosteatosis

Recently, fat infiltration of muscle, called myosteatosis, has
been associated with increased mortality and morbidity, es-
pecially in the elderly.”* In advanced CLD, myosteatosis is
prognostic of adverse perioperative outcomes and mortal-
ity.3475 Notably, the higher the degree of myosteatosis the
lower muscle function and mass.”6 A linear relationship be-
tween myosteatosis and NAFLD severity has been clearly
described.’7.78 In preclinical studies, myosteatosis has been
associated with NASH and fibrosis independent of insulin re-
sistance.”® Myosteatosis shares several pathophysiological
mechanisms with CLD, especially in NAFLD, where it reflects
inflammation8® and is directly correlated with both muscular
and hepatic insulin resistance,8! possibly owing to enhanced
adipose tissue lipolysis.82

Management

Specific strategies to treat sarcopenia in cirrhotic patients
have not yet been developed, and the correct approach
to sarcopenic obesity and post-NASH cirrhosis is even less
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Fig. 3. Myokines and sarcopenia in CLD: A summary of the principal derangements in myokine axis observed in patients with NAFLD. Throughout the
natural history of NAFLD-related CLD, insulin resistance, inflammation and finally hyperammonemia increase myostatin and reduce irisin levels. Myostatin negatively
regulates proliferation and differentiation of satellite cells, favoring muscle loss and adipogenesis. Concurrently, reduced irisin levels contribute to sarcopenia develop-
ment and to alterations in glucose metabolism. T, increase; |, decrease; CLD, chronic liver disease; NAFLD, nonalcoholic fatty liver disease.

clearly defined. In the latter patients, a tailored weight loss
should be achieved by reducing fat mass while maintaining
lean body mass. To date, there are only a few controlled
clinical trials®3-85 in patients with sarcopenic obesity, show-
ing that resistance training leads to an improvement in mus-
cle strength and physical function. Unfortunately, there are
no studies specifically carried out in the cirrhotic population.
However, several clinical studies, even if rarely performed
in the specific context of cirrhosis, support nutritional inter-
vention and physical exercise as the mainstays of current
available strategies (see the Supplementary Table 1). Actu-
ally, independent from any specific approach to sarcopenia,
adequate management of underlying liver disease, its other
complications, and all comorbidities, is mandatory (Fig. 4).

Physical exercise

Several recent studies have focused on the benefits of physi-
cal exercise in patients with liver cirrhosis.86:87 Although most
of them were carried out in small samples and in the con-
text of compensated cirrhosis, they are consistent in demon-
strating that physical exercise has a positive impact on the
reversal of sarcopenia, with improvements of muscle mass,
strength, and quality of life.88:8%9 The European Association for
the Study of the Liver practice guidelines for NAFLD recom-
mend for patients with cirrhosis moderate intensity exercise
for at least 150 m/week®® with supervision by expert person-
nel. Indeed, inappropriate exercise may lead to acute hepatic
decompensation with the onset of encephalopathy, ascites,

hypoglycemia, worsening portal hypertension, and gastroin-
testinal bleeding.! These recommendations are consistent
with those for non-cirrhotic sarcopenic subjects with obesity,
i.e. 1 h of exercise three times a week, with 30 m of low-im-
pact aerobic exercise and 30 m of high intensity progressive
resistance training.92 Notably, prolonged physical exercise
without adequate nutrient supply can increase muscle catab-
olism and reduce muscle mass. Therefore, the combination of
exercise and dietary intervention guarantees a better efficacy
than exercise alone.?3 As sarcopenia in cirrhotic subjects is
characterized by both muscle loss and impaired contractile
function, a combination of resistance and endurance exercise
would probably be the most beneficial.® Indeed, endurance or
aerobic exercise improve skeletal muscle functional capacity
but not necessarily muscle mass.®* On the other hand, resist-
ance exercise promotes an increase in skeletal muscle mass
but it also increases muscle ammonia production and por-
tal pressure.®> Therefore, a careful preliminary assessment
should be aimed at identifying those patients with gastro-
esophageal varices or an increased risk of hepatic encepha-
lopathy in order to establish a tailored approach.

Nutritional intervention and supplements

Dietary counseling should be a priority in patients with cir-
rhosis, independent of the etiology. Patients with post-NASH
cirrhosis represent a specific challenge. Indeed, they need
to lose weight but when trying to achieve this goal through
unbalanced and unguided diets, they are at risk of malnutri-
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Fig. 4. Treatment of sarcopenia in the cirrhotic patient: a multicentered approach, including weight loss but guaranteeing lean mass preservation, optimal man-
agement of liver disease, and specific nutrient oral supplementations. BCAA, branched chain amino acid.

tion. Thus, the aim in these subjects is to achieve weight
loss while preserving and even increasing lean mass, thus
avoiding the risk of further progression of sarcopenia. This
can be achieved by paying attention to the evolution of body
composition over time and by assessing muscle strength and
physical performance with adequate tools.%¢ In general, to
decrease the loss of muscle mass, a combination of energy
restriction and exercise should be preferred with respect to
diet alone, with a benefit at least on physical performance.%”
A recent clinical trial showed that a 6-month intervention with
guided dietary intake increased muscle mass and strength
and improved neurologic symptoms in patients with decom-
pensated cirrhosis and baseline minimal hepatic encepha-
lopathy.®8:9° Furthermore, the available meta-analyses have
not been able to demonstrate an impact of specific nutritional
supplementations on the risk of mortality,1°° probably be-
cause of the very short follow-up in the reference studies.

Macronutrients

In clinical practice, because of the impaired glucose metabo-
lism typical of cirrhosis and the consequent risk of fat and
protein catabolism, frequent small meals with a late-night
snack containing carbohydrates or proteins is a key nutrition-
al strategy.10! Notably, essential amino acids have a higher
anabolic potential and BCAAs regulate protein metabolism
through mTOR signaling.192 A recent meta-analysis con-
firmed that, in the context of cirrhosis, late evening snacks
containing BCAAs are capable of reversing anabolic resist-
ance and sarcopenia.l%3 Several studies have demonstrated
that BCAAs improve quality of life and reduce the incidence
of hepatic encephalopathy,1%4 but the largest meta-analysis
of studies in patients with hepatic encephalopathy did not
find an impact on mortality.95 Conversely, long-term supple-
mentation of cirrhotic patients with BCAAs has been clearly
associated with a reduced risk of decompensation and an
improved nutritional status? but in the absence of specific

data on the effect on muscle function and mass. Leucine is a
BCAA shown to have a positive clinical impact through its ac-
tive metabolite beta-hydroxy-beta-methyl butyrate (HMB)107
and its anticatabolic activity in skeletal muscle.108 Indeed, in
cirrhotic patients, 12 weeks of leucine supplementation (10
g/day) combined with physical activity led to improvements
of both muscle mass and of quality of life.1%° Moreover, HMB
was found to be associated with an improvement of muscle
function in a small pilot randomized controlled trial.110 Avoid-
ing added sugars is recommended. Indeed, they have been
associated with derangement of the insulin axis and reported
to contribute to the development of NAFLD and sarcopenia
mainly through the induction of inflammatory signaling and
consequent fat infiltration.11! In addition, the possible role of
eicosapentaenoic acid and docosahexaenoic acid supplemen-
tation has not been definitively clarified.!12 Indeed, although
polyunsaturated fatty acids are expected to have a beneficial
effect on both NAFLD and sarcopenia,!!3 the available studies
do not indicate that their supplementation provides benefit to
sarcopenic patients.114

Other supplements

Although the role of cholecalciferol in skeletal muscle me-
tabolism is well-recognized and low vitamin D levels are
associated with sarcopenia, placebo-controlled randomized
clinical trials aimed to evaluate the effect of oral vitamin D
supplementation for preventing or treating sarcopenia have
generated conflicting results.!15 As vitamin D deficiency has
been associated with the development and progression of
NAFLD,116,117 jts possible role in sarcopenic patients with
post-NASH cirrhosis is even more interesting. Furthermore,
even though the association of cholecalciferol deficiency with
CLD and mortality has been clearly described,!!8 there is in-
sufficient evidence to support the role of vitamin D supple-
mentation for the treatment of sarcopenia even in the spe-
cific context of cirrhosis. Lastly, the possible role of myostatin
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antagonists, such as follistatin,!1° in patients with cirrhosis is
of particular interest; however, no clinical evidence has been
acquired so far.

Strengths and limitations

This review provides some insights into the pathophysiology
and treatment of sarcopenia in NAFLD-related CLD, with di-
rect reference to the most relevant recent literature. Current-
ly, a body of evidence supports the potential benefit of nutri-
tional supplements (i.e. BCAAs and HMB)#83:98,102-104,106,110,115
as well as physical exercise84-88:97,108 hecause of their multi-
modal mechanisms of action that target most metabolic im-
balances present in these patients. However, the reliability of
the data is partially reduced by the limited number of relevant
studies, their small sample sizes, and the heterogeneity of
the patient populations included. Indeed, analysis of patient
cohorts with different CLD etiologies and stages is the main
limitation when aiming to reach a conclusion of the impact
of sarcopenia and different approaches implemented to in-
hibit it using hard clinical outcomes (CLD decompensation,
death).105 In this direction, large randomized controlled tri-
als with well-defined diagnostic criteria, diagnostic tools, in-
terventions, endpoints, and follow-up duration are required.
Despite the current limitations, here we have reported the
available evidence supporting the benefits of both pharma-
cological and nonpharmacological interventions for the treat-
ment of sarcopenia in NAFLD-related CLD. Moreover, we have
highlighted the need to improve clinician awareness of the
pathophysiological relevance of sarcopenia in this context,
because, as always, recognizing a problem is the first step
in tackling it.

Conclusions

The high prevalence of sarcopenia in CLD of any etiology
and its significant prognostic role warrant efforts to improve
early recognition and intervention. In the context of post-
NASH cirrhosis, sarcopenia is the meeting point of two dif-
ferent pathophysiological determinants, the dysmetabolic
and catabolic ones, which interact in a vicious cycle. To
date, there is very limited evidence concerning the opti-
mal strategies to assess and treat sarcopenia in cirrhotic
patients. Studies with larger sample sizes, adequate follow-
up, and hard clinical outcomes as primary endpoints are
eagerly awaited to identify the nutritional, pharmacological,
and nonpharmacological interventions capable of reversing
sarcopenia during CLD.

Funding
None to declare.

Conflict of interest

The authors have no conflict of interests related to this pub-
lication.

Author contributions

Study concept and design (PG, VF), acquisition of data (VF,
AF, GDP), analysis and interpretation of the data and draft-
ing of the manuscript (VF, AF, GDP, GD), critical revision of
the manuscript for important intellectual content (PG, FT),
and study supervision (UVG, AP). All authors made signifi-
cant contributions to this study and have approved the final
manuscript.

Gallo P. et al: Sarcopenia in NASH-cirrhosis

References

[1] Rinella ME, Lazarus ]V, Ratziu V, Francque SM, Sanyal AJ, Kanwal F, et
al. A multisociety Delphi consensus statement on new fatty liver dis-
ease nomenclature. J Hepatol 2023;79(6):1542-1556. doi:10.1016/j.
jhep.2023.06.003, PMID:37364790.

[2] Araljo AR, Rosso N, Bedogni G, Tiribelli C, Bellentani S. Global epidemiol-
ogy of non-alcoholic fatty liver disease/non-alcoholic steatohepatitis: What
we need in the future. Liver Int 2018;38(Suppl 1):47-51. doi:10.1111/
liv.13643, PMID:29427488.

[3] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyére O, Cederholm T, et al.
Sarcopenia: revised European consensus on definition and diagnosis. Age
Ageing 2019;48(1):16-31. doi:10.1093/ageing/afy169, PMID:30312372.

[4] Welch N, Dasarathy ], Runkana A, Penumatsa R, Bellar A, Reen J, et al.
Continued muscle loss increases mortality in cirrhosis: Impact of aetiology
of liver disease. Liver Int 2020;40(5):1178-1188. doi:10.1111/liv.14358,
PMID:31889396.

[5] Montano-Loza AJ, Meza-Junco J, Prado CM, Lieffers JR, Baracos VE, Bain
VG, et al. Muscle wasting is associated with mortality in patients with cir-
rhosis. Clin Gastroenterol Hepatol 2012;10(2):166-173. doi:10.1016/j.
cgh.2011.08.028, PMID:21893129.

[6] Dasarathy S, Merli M. Sarcopenia from mechanism to diagnosis and treat-
ment in liver disease. J Hepatol 2016;65(6):1232-1244. doi:10.1016/j.
jhep.2016.07.040, PMID:27515775.

[7] Kim HY, Jang JW. Sarcopenia in the prognosis of cirrhosis: Going be-
yond the MELD score. World J Gastroenterol 2015;21(25):7637-7647.
doi:10.3748/wjg.v21.i25.7637, PMID:26167066.

[8] Habig G, Smaltz C, Blumhof B, Guglielmo FF, Halegoua-DeMarzio D.
S1229 The Role of Cirrhosis Etiology on the Prevalence of Sarcopenia.
Am ] Gastroenterol 2021;116(1):5567-S567. doi:10.14309/01.ajg.0000
778448.14173.7f.

[9] Hong HC, Hwang SY, Choi HY, Yoo HJ, Seo JA, Kim SG, et al. Relationship
between sarcopenia and nonalcoholic fatty liver disease: the Korean Sar-
copenic Obesity Study. Hepatology 2014;59(5):1772-1778. doi:10.1002/
hep.26716, PMID:23996808.

[10] Koo BK, Kim D, Joo SK, Kim JH, Chang MS, Kim BG, et al. Sarcopenia is
an independent risk factor for non-alcoholic steatohepatitis and significant
fibrosis. J Hepatol 2017;66(1):123-131. d0i:10.1016/j.jhep.2016.08.019,
PMID:27599824.

[11] Lee YH, Jung KS, Kim SU, Yoon HJ, Yun Y], Lee BW, et al. Sarcopaenia is
associated with NAFLD independently of obesity and insulin resistance: Na-
tionwide surveys (KNHANES 2008-2011). J Hepatol 2015;63(2):486-493.
doi:10.1016/j.jhep.2015.02.051, PMID:25772036.

[12] Lee YH, Kim SU, Song K, Park JY, Kim DY, Ahn SH, et al. Sarcopenia is asso-
ciated with significant liver fibrosis independently of obesity and insulin re-
sistance in nonalcoholic fatty liver disease: Nationwide surveys (KNHANES
2008-2011). Hepatology 2016;63(3):776-786. doi:10.1002/hep.28376.

[13] Merli M, Giusto M, Gentili F, Novelli G, Ferretti G, Riggio O, et al. Nutri-
tional status: its influence on the outcome of patients undergoing liver
transplantation. Liver Int 2010;30(2):208-214. do0i:10.1111/j.1478-
3231.2009.02135.x, PMID:19840246.

[14] Ha Y, Kim D, Han S, Chon YE, Lee YB, Kim MN, et al. Sarcopenia Pre-
dicts Prognosis in Patients with Newly Diagnosed Hepatocellular Carcino-
ma, Independent of Tumor Stage and Liver Function. Cancer Res Treat
2018;50(3):843-851. doi:10.4143/crt.2017.232, PMID:28882021.

[15] Gallo P, Silletta M, De Vincentis A, Lo Prinzi F, Terracciani F, Di Fazio G,
et al. Sarcopenia in Hepatocellular Carcinoma: Pathogenesis and Man-
agement. Chemotherapy 2022;67(3):152-163. doi:10.1159/000521741,
PMID:34974449.

[16] Tandon P, Mourtzakis M, Low G, Zenith L, Ney M, Carbonneau M, et al. Com-
paring the Variability Between Measurements for Sarcopenia Using Magnetic
Resonance Imaging and Computed Tomography Imaging. Am J Transplant
2016;16(9):2766-2767. doi:10.1111/ajt.13832, PMID:27093434.

[17] Praktiknjo M, Book M, Luetkens J, Pohimann A, Meyer C, Thomas D, et al.
Fat-free muscle mass in magnetic resonance imaging predicts acute-on-
chronic liver failure and survival in decompensated cirrhosis. Hepatology
2018;67(3):1014-1026. doi:10.1002/hep.29602, PMID:29059469.

[18] Shen W, Punyanitya M, Wang Z, Gallagher D, St-Onge MP, Albu J, et al. Total
body skeletal muscle and adipose tissue volumes: estimation from a single
abdominal cross-sectional image. J Appl Physiol (1985) 2004;97(6):2333-
2338. doi:10.1152/japplphysiol.00744.2004, PMID:15310748.

[19] Carey EJ, Lai JC, Wang CW, Dasarathy S, Lobach I, Montano-Loza AJ, et
al. A multicenter study to define sarcopenia in patients with end-stage
liver disease. Liver Transpl 2017;23(5):625-633. doi:10.1002/It.24750,
PMID:28240805.

[20] Tandon P, Low G, Mourtzakis M, Zenith L, Myers RP, Abraldes JG, et al. AModel
to Identify Sarcopenia in Patients With Cirrhosis. Clin Gastroenterol Hepa-
tol 2016;14(10):1473-1480.e3. doi:10.1016/j.cgh.2016.04.040, PMID:
27189915.

[21] Kobayashi K, Maruyama H, Kiyono S, Ogasawara S, Suzuki E, Ooka Y, et al.
Application of transcutaneous ultrasonography for the diagnosis of muscle
mass loss in patients with liver cirrhosis. J Gastroenterol 2018;53(5):652-
659. doi:10.1007/s00535-017-1378-2, PMID:28821966.

[22] Carey EJ, Lai JC, Sonnenday C, Tapper EB, Tandon P, Duarte-Rojo A, et al.
A North American Expert Opinion Statement on Sarcopenia in Liver Trans-
plantation. Hepatology 2019;70(5):1816-1829. doi:10.1002/hep.30828,
PMID:31220351.

[23] Guglielmi FW, Contento F, Laddaga L, Panella C, Francavilla A. Bioelectric
impedance analysis: experience with male patients with cirrhosis. Hepatol-
ogy 1991;13(5):892-895. PMID:2029993.

[24] Bhanji RA, Narayanan P, Allen AM, Malhi H, Watt KD. Sarcopenia in hiding:

284 Journal of Clinical and Translational Hepatology 2024 vol. 12(3) | 278-286


https://doi.org/10.1016/j.jhep.2023.06.003
https://doi.org/10.1016/j.jhep.2023.06.003
http://www.ncbi.nlm.nih.gov/pubmed/37364790
https://doi.org/10.1111/liv.13643
https://doi.org/10.1111/liv.13643
http://www.ncbi.nlm.nih.gov/pubmed/29427488
https://doi.org/10.1093/ageing/afy169
http://www.ncbi.nlm.nih.gov/pubmed/30312372
https://doi.org/10.1111/liv.14358
http://www.ncbi.nlm.nih.gov/pubmed/31889396
https://doi.org/10.1016/j.cgh.2011.08.028
https://doi.org/10.1016/j.cgh.2011.08.028
http://www.ncbi.nlm.nih.gov/pubmed/21893129
https://doi.org/10.1016/j.jhep.2016.07.040
https://doi.org/10.1016/j.jhep.2016.07.040
http://www.ncbi.nlm.nih.gov/pubmed/27515775
https://doi.org/10.3748/wjg.v21.i25.7637
http://www.ncbi.nlm.nih.gov/pubmed/26167066
https://doi.org/10.14309/01.ajg.0000778448.14173.7f
https://doi.org/10.14309/01.ajg.0000778448.14173.7f
https://doi.org/10.1002/hep.26716
https://doi.org/10.1002/hep.26716
http://www.ncbi.nlm.nih.gov/pubmed/23996808
https://doi.org/10.1016/j.jhep.2016.08.019
http://www.ncbi.nlm.nih.gov/pubmed/27599824
https://doi.org/10.1016/j.jhep.2015.02.051
http://www.ncbi.nlm.nih.gov/pubmed/25772036
https://doi.org/10.1002/hep.28376
https://doi.org/10.1111/j.1478-3231.2009.02135.x
https://doi.org/10.1111/j.1478-3231.2009.02135.x
http://www.ncbi.nlm.nih.gov/pubmed/19840246
https://doi.org/10.4143/crt.2017.232
http://www.ncbi.nlm.nih.gov/pubmed/28882021
https://doi.org/10.1159/000521741
http://www.ncbi.nlm.nih.gov/pubmed/34974449
https://doi.org/10.1111/ajt.13832
http://www.ncbi.nlm.nih.gov/pubmed/27093434
https://doi.org/10.1002/hep.29602
http://www.ncbi.nlm.nih.gov/pubmed/29059469
https://doi.org/10.1152/japplphysiol.00744.2004
http://www.ncbi.nlm.nih.gov/pubmed/15310748
https://doi.org/10.1002/lt.24750
http://www.ncbi.nlm.nih.gov/pubmed/28240805
https://doi.org/10.1016/j.cgh.2016.04.040
http://www.ncbi.nlm.nih.gov/pubmed/27189915
https://doi.org/10.1007/s00535-017-1378-2
http://www.ncbi.nlm.nih.gov/pubmed/28821966
https://doi.org/10.1002/hep.30828
http://www.ncbi.nlm.nih.gov/pubmed/31220351
http://www.ncbi.nlm.nih.gov/pubmed/2029993

Gallo P. et al: Sarcopenia in NASH-cirrhosis

The risk and consequence of underestimating muscle dysfunction in nonal-
coholic steatohepatitis. Hepatology 2017;66(6):2055-2065. doi:10.1002/
hep.29420, PMID:28777879.

[25] Kim G, Lee SE, Lee YB, Jun JE, Ahn J, Bae JC, et al. Relationship Be-
tween Relative Skeletal Muscle Mass and Nonalcoholic Fatty Liver Dis-
ease: A 7-Year Longitudinal Study. Hepatology 2018;68(5):1755-1768.
doi:10.1002/hep.30049, PMID:29679374.

[26] Roh E, Hwang SY, Yoo HJ, Baik SH, Lee JH, Son SJ, et al. Impact of non-
alcoholic fatty liver disease on the risk of sarcopenia: a nationwide multi-
center prospective study. Hepatol Int 2022;16(3):545-554. doi:10.1007/
$12072-021-10258-8, PMID:34780030.

[27] Han E, Lee YH, Kim YD, Kim BK, Park 1Y, Kim DY, et al. Nonalcoholic Fatty
Liver Disease and Sarcopenia Are Independently Associated With Cardio-
vascular Risk. Am J Gastroenterol 2020;115(4):584-595. doi:10.14309/
ajg.0000000000000572, PMID:32141917.

[28] Donini LM, Busetto L, Bischoff SC, Cederholm T, Ballesteros-Pomar MD,
Batsis JA, et al. Definition and Diagnostic Criteria for Sarcopenic Obesity:
ESPEN and EASO Consensus Statement. Obes Facts 2022;15(3):321-335.
doi:10.1159/000521241, PMID:35196654.

[29] Waters DL, Baumgartner RN. Sarcopenia and obesity. Clin Geriatr Med
2011;27(3):401-421. doi:10.1016/j.cger.2011.03.007, PMID:21824555.

[30] Eslamparast T, Montano-Loza AJ, Raman M, Tandon P. Sarcopenic
obesity in cirrhosis-The confluence of 2 prognostic titans. Liver Int
2018;38(10):1706-1717. doi:10.1111/liv.13876, PMID:29738109.

[31] Choi KM. Sarcopenia and sarcopenic obesity. Korean ] Intern Med
2016;31(6):1054-1060. doi:10.3904/kjim.2016.193, PMID:27809450.

[32] Yang M, Hu M, Zhang Y, Jia S, Sun X, Zhao W, et al. Sarcopenic obesity
is associated with frailty among community-dwelling older adults: find-
ings from the WCHAT study. BMC Geriatr 2022;22(1):863. doi:10.1186/
$12877-022-03617-z, PMID:36384475.

[33] Hara N, Iwasa M, Sugimoto R, Mifuji-Moroka R, Yoshikawa K, Terasaka E,
et al. Sarcopenia and Sarcopenic Obesity Are Prognostic Factors for Over-
all Survival in Patients with Cirrhosis. Intern Med 2016;55(8):863-870.
doi:10.2169/internalmedicine.55.5676, PMID:27086797.

[34] Montano-Loza AJ, Angulo P, Meza-Junco J, Prado CM, Sawyer MB, Beau-
mont C, et al. Sarcopenic obesity and myosteatosis are associated with
higher mortality in patients with cirrhosis. J Cachexia Sarcopenia Muscle
2016;7(2):126-135. doi:10.1002/jcsm.12039, PMID:27493866.

[35] Emhmed Ali S, Nguyen MH. Sarcopenic Obesity in Non-Alcoholic Fatty
Liver Disease-The Union of Two Culprits. Life (Basel) 2021;11(2):119.
doi:10.3390/1ife11020119, PMID:33557355.

[36] Petta S, Di Marco V, Camma C, Butera G, Cabibi D, Craxi A. Reliability of
liver stiffness measurement in non-alcoholic fatty liver disease: the effects
of body mass index. Aliment Pharmacol Ther 2011;33(12):1350-1360.
doi:10.1111/j.1365-2036.2011.04668.x, PMID:21517924.

[37] Welzel TM, Graubard BI, Zeuzem S, El-Serag HB, Davila JA, McGlynn
KA. Metabolic syndrome increases the risk of primary liver cancer in
the United States: a study in the SEER-Medicare database. Hepatology
2011;54(2):463-471. doi:10.1002/hep.24397, PMID:21538440.

[38] Kobayashi A, Kaido T, Hamaguchi Y, Okumura S, Shirai H, Yao S, et al.
Impact of Sarcopenic Obesity on Outcomes in Patients Undergoing Hepa-
tectomy for Hepatocellular Carcinoma. Ann Surg 2019;269(5):924-931.
doi:10.1097/SLA.0000000000002555, PMID:29064889.

[39] Golabi P, Gerber L, Paik JM, Deshpande R, de Avila L, Younossi ZM. Contri-
bution of sarcopenia and physical inactivity to mortality in people with non-
alcoholic fatty liver disease. JHEP Rep 2020;2(6):100171. doi:10.1016/j.
jhepr.2020.100171, PMID:32964202.

[40] Kim D, Wijarnpreecha K, Sandhu KK, Cholankeril G, Ahmed A. Sarcopenia
in nonalcoholic fatty liver disease and all-cause and cause-specific mortal-
ity in the United States. Liver Int 2021;41(8):1832-1840. doi:10.1111/
liv.14852, PMID:33641244.

[41] Chakravarthy MV, Siddiqui MS, Forsgren MF, Sanyal AJ. Harnessing Mus-
cle-Liver Crosstalk to Treat Nonalcoholic Steatohepatitis. Front Endocrinol
(Lausanne) 2020;11:592373. doi:10.3389/fendo.2020.592373, PMID:334
24768.

[42] Kolb H, Kempf K, Rohling M, Martin S. Insulin: too much of a good thing
is bad. BMC Med 2020;18(1):224. doi:10.1186/s12916-020-01688-6,
PMID:32819363.

[43] Abbatecola AM, Paolisso G, Fattoretti P, Evans WJ, Fiore V, Dicioccio L, et al.
Discovering pathways of sarcopenia in older adults: a role for insulin resist-
ance on mitochondria dysfunction. J Nutr Health Aging 2011;15(10):890-
895. doi:10.1007/s12603-011-0366-0, PMID:22159778.

[44] Cleasby ME, Jamieson PM, Atherton PJ. Insulin resistance and sarcope-
nia: mechanistic links between common co-morbidities. J Endocrinol
2016;229(2):R67-R81. doi:10.1530/J0E-15-0533, PMID:26931135.

[45] Guillet C, Delcourt I, Rance M, Giraudet C, Walrand S, Bedu M, et al. Chang-
es in basal and insulin and amino acid response of whole body and skeletal
muscle proteins in obese men. J Clin Endocrinol Metab 2009;94(8):3044~-
3050. doi:10.1210/jc.2008-2216, PMID:19470633.

[46] Schmoldt A, Benthe HF, Haberland G. Digitoxin metabolism by rat liver
microsomes. Biochem Pharmacol 1975;24(17):1639-1641. PMID:10.

[47] Shimobayashi M, Albert V, Woelnerhanssen B, Frei IC, Weissenberger D,
Meyer-Gerspach AC, et al. Insulin resistance causes inflammation in adi-
pose tissue. J Clin Invest 2018;128(4):1538-1550. doi:10.1172/1CI96139,
PMID:29528335.

[48] Sriram S, Subramanian S, Sathiakumar D, Venkatesh R, Salerno MS, Mc-
Farlane CD, et al. Modulation of reactive oxygen species in skeletal muscle
by myostatin is mediated through NF-kB. Aging Cell 2011;10(6):931-948.
doi:10.1111/§.1474-9726.2011.00734.x, PMID:21771249.

[49] Castoldi A, Naffah de Souza C, Camara NO, Moraes-Vieira PM. The Mac-
rophage Switch in Obesity Development. Front Immunol 2015;6:637.

doi:10.3389/fimmu.2015.00637, PMID:26779183.

[50] McKay BR, Ogborn DI, Baker JM, Toth KG, Tarnopolsky MA, Parise G. Elevat-
ed SOCS3 and altered IL-6 signaling is associated with age-related human
muscle stem cell dysfunction. Am J Physiol Cell Physiol 2013;304(8):C717-
C728. doi:10.1152/ajpcell.00305.2012, PMID:23392112.

[51] Powell EE, Wong VW, Rinella M. Non-alcoholic fatty liver disease. Lancet
2021;397(10290):2212-2224. doi:10.1016/S0140-6736(20)32511-3,
PMID:33894145.

[52] Rodriguez J, Vernus B, Chelh I, Cassar-Malek I, Gabillard JC, Hadj Sassi A,
et al. Myostatin and the skeletal muscle atrophy and hypertrophy signaling
pathways. Cell Mol Life Sci 2014;71(22):4361-4371. doi:10.1007/s00018-
014-1689-x, PMID:25080109.

[53] Han HQ, Zhou X, Mitch WE, Goldberg AL. Myostatin/activin pathway an-
tagonism: molecular basis and therapeutic potential. Int J Biochem Cell
Biol 2013;45(10):2333-2347. doi:10.1016/j.biocel.2013.05.019, PMID:
23721881.

[54] McCroskery S, Thomas M, Maxwell L, Sharma M, Kambadur R. Myostatin
negatively regulates satellite cell activation and self-renewal. J Cell Biol
2003;162(6):1135-1147. doi:10.1083/jcb.200207056, PMID:12963705.

[55] Esposito P, Picciotto D, Battaglia Y, Costigliolo F, Viazzi F, Verzola D. My-
ostatin: Basic biology to clinical application. Adv Clin Chem 2022;106:181-
234. doi:10.1016/bs.acc.2021.09.006, PMID:35152972.

[56] Hittel DS, Berggren JR, Shearer J, Boyle K, Houmard JA. Increased secre-
tion and expression of myostatin in skeletal muscle from extremely obese
women. Diabetes 2009;58(1):30-38. doi:10.2337/db08-0943, PMID:
18835929.

[57] Nishikawa H, Enomoto H, Ishii A, Iwata Y, Miyamoto Y, Ishii N, et al. El-
evated serum myostatin level is associated with worse survival in patients
with liver cirrhosis. J Cachexia Sarcopenia Muscle 2017;8(6):915-925.
doi:10.1002/jcsm.12212, PMID:28627027.

[58] Dasarathy S. Myostatin and beyond in cirrhosis: all roads lead to sarco-
penia. ] Cachexia Sarcopenia Muscle 2017;8(6):864-869. doi:10.1002/
jesm.12262, PMID:29168629.

[59] Shen S, Liao Q, Chen X, Peng C, Lin L. The role of irisin in metabolic flexibil-
ity: Beyond adipose tissue browning. Drug Discov Today 2022;27(8):2261-
2267. doi:10.1016/j.drudis.2022.03.019, PMID:35364272.

[60] Zhao M, Zhou X, Yuan C, Li R, Ma Y, Tang X. Association between se-
rum irisin concentrations and sarcopenia in patients with liver cirrhosis:
a cross-sectional study. Sci Rep 2020;10(1):16093. doi:10.1038/s41598-
020-73176-z, PMID:32999391.

[61] Rashid FA, Abbas HJ], Naser NA, Addai Ali H. Effect of Long-Term Moder-
ate Physical Exercise on Irisin between Normal Weight and Obese Men.
Sci World J 2020;2020:1897027. doi:10.1155/2020/1897027, PMID:329
52453.

[62] Kukla M, Skladany L, Menzyk T, Derra A, Stygar D, Skonieczna M, et
al. Irisin in Liver Cirrhosis. J Clin Med 2020;9(10):3158. doi:10.3390/
jcm9103158, PMID:33003490.

[63] Gao F, Zheng KI, Zhu PW, Li YY, Ma HL, Li G, et al. FNDC5 polymorphism in-
fluences the association between sarcopenia and liver fibrosis in adults with
biopsy-proven non-alcoholic fatty liver disease. BrJ Nutr 2021;126(6):813-
824. doi:10.1017/S0007114520004559, PMID:33198849.

[64] Qin N, Yang F, Li A, Prifti E, Chen Y, Shao L, et al. Alterations of the hu-
man gut microbiome in liver cirrhosis. Nature 2014;513(7516):59-64.
doi:10.1038/nature13568, PMID:25079328.

[65] Hegazy MA, Mogawer SM, Alnaggar ARLR, Ghoniem OA, Abdel Samie
RM. Serum LPS and CD163 Biomarkers Confirming the Role of Gut Dys-
biosis in Overweight Patients with NASH. Diabetes Metab Syndr Obes
2020;13:3861-3872. doi:10.2147/DMS0.5249949, PMID:33116732.

[66] Rainer F, Horvath A, Sandahl TD, Leber B, Schmerboeck B, Blesl A, et al.
Soluble CD163 and soluble mannose receptor predict survival and decom-
pensation in patients with liver cirrhosis, and correlate with gut permeabil-
ity and bacterial translocation. Aliment Pharmacol Ther 2018;47(5):657-
664. doi:10.1111/apt.14474, PMID:29266346.

[67] Bohmer R. Ligation or external fistulation of the common bile duct in the
rat. II. Intestinal disaccharidase activities. Digestion 1979;19(1):32-41.
doi:10.1159/000198319, PMID:110639.

[68] Habig G, Smaltz C, Halegoua-DeMarzio D. Presence and Implications of
Sarcopenia in Non-alcoholic Steatohepatitis. Metabolites 2021;11(4):242.
doi:10.3390/metabo11040242, PMID:33920751.

[69] Bellar A, Welch N, Dasarathy S. Exercise and physical activity in cirrhosis:
opportunities or perils. J Appl Physiol (1985) 2020;128(6):1547-1567.
doi:10.1152/japplphysiol.00798.2019, PMID:32240017.

[70] Hong SH, Choi KM. Sarcopenic Obesity, Insulin Resistance, and Their Im-
plications in Cardiovascular and Metabolic Consequences. Int J Mol Sci
2020;21(2):494. doi:10.3390/ijms21020494, PMID:31941015.

[71] Myers J, Kokkinos P, Nyelin E. Physical Activity, Cardiorespiratory Fitness,
and the Metabolic Syndrome. Nutrients 2019;11(7):1652. doi:10.3390/
nul1071652, PMID:31331009.

[72] Sinclair M, Gow PJ, Grossmann M, Angus PW. Review article: sarcopenia in
cirrhosis—aetiology, implications and potential therapeutic interventions.
Aliment Pharmacol Ther 2016;43(7):765-777. doi:10.1111/apt.13549,
PMID:26847265.

[73] Nascimento CM, Ingles M, Salvador-Pascual A, Cominetti MR, Gomez-
Cabrera MC, Vifa J. Sarcopenia, frailty and their prevention by exer-
cise. Free Radic Biol Med 2019;132:42-49. doi:10.1016/j.freeradbi-
omed.2018.08.035, PMID:30176345.

[74] Miljkovic I, Kuipers AL, Cauley JA, Prasad T, Lee CG, Ensrud KE, et al.
Greater Skeletal Muscle Fat Infiltration Is Associated With Higher All-Cause
and Cardiovascular Mortality in Older Men. ] Gerontol A Biol Sci Med Sci
2015;70(9):1133-1140. doi:10.1093/gerona/glv027, PMID:25838547.

[75] Czigany Z, Kramp W, Bednarsch J, van der Kroft G, Boecker ], Strnad P, et

Journal of Clinical and Translational Hepatology 2024 vol. 12(3) | 278-286 285


https://doi.org/10.1002/hep.29420
https://doi.org/10.1002/hep.29420
http://www.ncbi.nlm.nih.gov/pubmed/28777879
https://doi.org/10.1002/hep.30049
http://www.ncbi.nlm.nih.gov/pubmed/29679374
https://doi.org/10.1007/s12072-021-10258-8
https://doi.org/10.1007/s12072-021-10258-8
http://www.ncbi.nlm.nih.gov/pubmed/34780030
https://doi.org/10.14309/ajg.0000000000000572
https://doi.org/10.14309/ajg.0000000000000572
http://www.ncbi.nlm.nih.gov/pubmed/32141917
https://doi.org/10.1159/000521241
http://www.ncbi.nlm.nih.gov/pubmed/35196654
https://doi.org/10.1016/j.cger.2011.03.007
http://www.ncbi.nlm.nih.gov/pubmed/21824555
https://doi.org/10.1111/liv.13876
http://www.ncbi.nlm.nih.gov/pubmed/29738109
https://doi.org/10.3904/kjim.2016.193
http://www.ncbi.nlm.nih.gov/pubmed/27809450
https://doi.org/10.1186/s12877-022-03617-z
https://doi.org/10.1186/s12877-022-03617-z
http://www.ncbi.nlm.nih.gov/pubmed/36384475
https://doi.org/10.2169/internalmedicine.55.5676
http://www.ncbi.nlm.nih.gov/pubmed/27086797
https://doi.org/10.1002/jcsm.12039
http://www.ncbi.nlm.nih.gov/pubmed/27493866
https://doi.org/10.3390/life11020119
http://www.ncbi.nlm.nih.gov/pubmed/33557355
https://doi.org/10.1111/j.1365-2036.2011.04668.x
http://www.ncbi.nlm.nih.gov/pubmed/21517924
https://doi.org/10.1002/hep.24397
http://www.ncbi.nlm.nih.gov/pubmed/21538440
https://doi.org/10.1097/SLA.0000000000002555
http://www.ncbi.nlm.nih.gov/pubmed/29064889
https://doi.org/10.1016/j.jhepr.2020.100171
https://doi.org/10.1016/j.jhepr.2020.100171
http://www.ncbi.nlm.nih.gov/pubmed/32964202
https://doi.org/10.1111/liv.14852
https://doi.org/10.1111/liv.14852
http://www.ncbi.nlm.nih.gov/pubmed/33641244
https://doi.org/10.3389/fendo.2020.592373
http://www.ncbi.nlm.nih.gov/pubmed/33424768
http://www.ncbi.nlm.nih.gov/pubmed/33424768
https://doi.org/10.1186/s12916-020-01688-6
http://www.ncbi.nlm.nih.gov/pubmed/32819363
https://doi.org/10.1007/s12603-011-0366-0
http://www.ncbi.nlm.nih.gov/pubmed/22159778
https://doi.org/10.1530/JOE-15-0533
http://www.ncbi.nlm.nih.gov/pubmed/26931135
https://doi.org/10.1210/jc.2008-2216
http://www.ncbi.nlm.nih.gov/pubmed/19470633
http://www.ncbi.nlm.nih.gov/pubmed/10
https://doi.org/10.1172/JCI96139
http://www.ncbi.nlm.nih.gov/pubmed/29528335
https://doi.org/10.1111/j.1474-9726.2011.00734.x
http://www.ncbi.nlm.nih.gov/pubmed/21771249
https://doi.org/10.3389/fimmu.2015.00637
http://www.ncbi.nlm.nih.gov/pubmed/26779183
https://doi.org/10.1152/ajpcell.00305.2012
http://www.ncbi.nlm.nih.gov/pubmed/23392112
https://doi.org/10.1016/S0140-6736(20)32511-3
http://www.ncbi.nlm.nih.gov/pubmed/33894145
https://doi.org/10.1007/s00018-014-1689-x
https://doi.org/10.1007/s00018-014-1689-x
http://www.ncbi.nlm.nih.gov/pubmed/25080109
https://doi.org/10.1016/j.biocel.2013.05.019
http://www.ncbi.nlm.nih.gov/pubmed/23721881
https://doi.org/10.1083/jcb.200207056
http://www.ncbi.nlm.nih.gov/pubmed/12963705
https://doi.org/10.1016/bs.acc.2021.09.006
http://www.ncbi.nlm.nih.gov/pubmed/35152972
https://doi.org/10.2337/db08-0943
http://www.ncbi.nlm.nih.gov/pubmed/18835929
https://doi.org/10.1002/jcsm.12212
http://www.ncbi.nlm.nih.gov/pubmed/28627027
https://doi.org/10.1002/jcsm.12262
https://doi.org/10.1002/jcsm.12262
http://www.ncbi.nlm.nih.gov/pubmed/29168629
https://doi.org/10.1016/j.drudis.2022.03.019
http://www.ncbi.nlm.nih.gov/pubmed/35364272
https://doi.org/10.1038/s41598-020-73176-z
https://doi.org/10.1038/s41598-020-73176-z
http://www.ncbi.nlm.nih.gov/pubmed/32999391
https://doi.org/10.1155/2020/1897027
http://www.ncbi.nlm.nih.gov/pubmed/32952453
http://www.ncbi.nlm.nih.gov/pubmed/32952453
https://doi.org/10.3390/jcm9103158
https://doi.org/10.3390/jcm9103158
http://www.ncbi.nlm.nih.gov/pubmed/33003490
https://doi.org/10.1017/S0007114520004559
http://www.ncbi.nlm.nih.gov/pubmed/33198849
https://doi.org/10.1038/nature13568
http://www.ncbi.nlm.nih.gov/pubmed/25079328
https://doi.org/10.2147/DMSO.S249949
http://www.ncbi.nlm.nih.gov/pubmed/33116732
https://doi.org/10.1111/apt.14474
http://www.ncbi.nlm.nih.gov/pubmed/29266346
https://doi.org/10.1159/000198319
http://www.ncbi.nlm.nih.gov/pubmed/110639
https://doi.org/10.3390/metabo11040242
http://www.ncbi.nlm.nih.gov/pubmed/33920751
https://doi.org/10.1152/japplphysiol.00798.2019
http://www.ncbi.nlm.nih.gov/pubmed/32240017
https://doi.org/10.3390/ijms21020494
http://www.ncbi.nlm.nih.gov/pubmed/31941015
https://doi.org/10.3390/nu11071652
https://doi.org/10.3390/nu11071652
http://www.ncbi.nlm.nih.gov/pubmed/31331009
https://doi.org/10.1111/apt.13549
http://www.ncbi.nlm.nih.gov/pubmed/26847265
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
https://doi.org/10.1016/j.freeradbiomed.2018.08.035
http://www.ncbi.nlm.nih.gov/pubmed/30176345
https://doi.org/10.1093/gerona/glv027
http://www.ncbi.nlm.nih.gov/pubmed/25838547

al. Myosteatosis to predict inferior perioperative outcome in patients under-
going orthotopic liver transplantation. Am J Transplant 2020;20(2):493-
503. doi:10.1111/ajt.15577, PMID:31448486.

[76] Koster A, Ding J, Stenholm S, Caserotti P, Houston DK, Nicklas BJ, et al.
Does the amount of fat mass predict age-related loss of lean mass, muscle
strength, and muscle quality in older adults? J Gerontol A Biol Sci Med Sci
2011;66(8):888-895. doi:10.1093/gerona/glr070, PMID:21572082.

[77] Tanaka M, Okada H, Hashimoto Y, Kumagai M, Nishimura H, Oda Y, et
al. Relationship between nonalcoholic fatty liver disease and muscle qual-
ity as well as quantity evaluated by computed tomography. Liver Int
2020;40(1):120-130. doi:10.1111/liv.14253, PMID:31518481.

[78] Kitajima Y, Hyogo H, Sumida Y, Eguchi Y, Ono N, Kuwashiro T, et al. Sever-
ity of non-alcoholic steatohepatitis is associated with substitution of adi-
pose tissue in skeletal muscle. J Gastroenterol Hepatol 2013;28(9):1507-
1514. doi:10.1111/jgh.12227, PMID:23577962.

[79] Lee MJ, Kim EH, Bae SJ, Kim GA, Park SW, Choe J, et al. Age-Related De-
crease in Skeletal Muscle Mass Is an Independent Risk Factor for Incident
Nonalcoholic Fatty Liver Disease: A 10-Year Retrospective Cohort Study.
Gut Liver 2019;13(1):67-76. doi:10.5009/gnl18070, PMID:30037166.

[80] Visser M, Pahor M, Taaffe DR, Goodpaster BH, Simonsick EM, Newman
AB, et al. Relationship of interleukin-6 and tumor necrosis factor-alpha
with muscle mass and muscle strength in elderly men and women: the
Health ABC Study. J Gerontol A Biol Sci Med Sci 2002;57(5):M326-M332.
doi:10.1093/gerona/57.5.m326, PMID:11983728.

[81] Hausman GJ, Basu U, Du M, Fernyhough-Culver M, Dodson MV. Intermus-
cular and intramuscular adipose tissues: Bad vs. good adipose tissues.
Adipocyte 2014;3(4):242-255. doi:10.4161/adip.28546, PMID:26317048.

[82] Williams AS, Kang L, Wasserman DH. The extracellular matrix and insulin
resistance. Trends Endocrinol Metab 2015;26(7):357-366. doi:10.1016/j.
tem.2015.05.006, PMID:26059707.

[83] Aleman-Mateo H, Macias L, Esparza-Romero J, Astiazaran-Garcia H, Blan-
cas AL. Physiological effects beyond the significant gain in muscle mass
in sarcopenic elderly men: evidence from a randomized clinical trial using
a protein-rich food. Clin Interv Aging 2012;7:225-234. doi:10.2147/CIA.
S$32356, PMID:22866000.

[84] Balachandran A, Krawczyk SN, Potiaumpai M, Signorile JF. High-speed
circuit training vs hypertrophy training to improve physical function in
sarcopenic obese adults: a randomized controlled trial. Exp Gerontol
2014;60:64-71. doi:10.1016/j.exger.2014.09.016, PMID:25281504.

[85] Liao CD, Tsauo JY, Huang SW, Ku JW, Hsiao DJ, Liou TH. Effects of elastic
band exercise on lean mass and physical capacity in older women with
sarcopenic obesity: A randomized controlled trial. Sci Rep 2018;8(1):2317.
doi:10.1038/s41598-018-20677-7, PMID:29396436.

[86] Debette-Gratien M, Tabouret T, Antonini MT, Dalmay F, Carrier P, Legros
R, et al. Personalized adapted physical activity before liver transplanta-
tion: acceptability and results. Transplantation 2015;99(1):145-150.
doi:10.1097/TP.0000000000000245, PMID:25531893.

[87] Zenith L, Meena N, Ramadi A, Yavari M, Harvey A, Carbonneau M, et al.
Eight weeks of exercise training increases aerobic capacity and muscle
mass and reduces fatigue in patients with cirrhosis. Clin Gastroenterol
Hepatol 2014;12(11):1920-6.e2. doi:10.1016/j.cgh.2014.04.016, PMID:
24768811.

[88] Kruger C, McNeely ML, Bailey R], Yavari M, Abraldes ]G, Carbonneau M,
et al. Home Exercise Training Improves Exercise Capacity in Cirrhosis Pa-
tients: Role of Exercise Adherence. Sci Rep 2018;8(1):99. doi:10.1038/
$41598-017-18320-y, PMID:29311671.

[89] Duarte-Rojo A, Ruiz-Margain A, Montafio-Loza AJ, Macias-Rodriguez RU,
Ferrando A, Kim WR. Exercise and physical activity for patients with
end-stage liver disease: Improving functional status and sarcopenia
while on the transplant waiting list. Liver Transpl 2018;24(1):122-139.
doi:10.1002/1t.24958, PMID:29024353.

[90] European Association for the Study of the Liver (EASL); European Associa-
tion for the Study of Diabetes (EASD); European Association for the Study of
Obesity (EASO). EASL-EASD-EASO Clinical Practice Guidelines for the man-
agement of non-alcoholic fatty liver disease. J Hepatol 2016;64(6):1388-
1402. doi:10.1016/j.jhep.2015.11.004, PMID:27062661.

[91] Toshikuni N, Arisawa T, Tsutsumi M. Nutrition and exercise in the man-
agement of liver cirrhosis. World J Gastroenterol 2014;20(23):7286-7297.
doi:10.3748/wjg.v20.i23.7286, PMID:24966599.

[92] Kawaguchi T, Izumi N, Charlton MR, Sata M. Branched-chain amino ac-
ids as pharmacological nutrients in chronic liver disease. Hepatology
2011;54(3):1063-1070. doi:10.1002/hep.24412, PMID:21563202.

[93] Cheung K, Lee SS, Raman M. Prevalence and mechanisms of malnutrition
in patients with advanced liver disease, and nutrition management strat-
egies. Clin Gastroenterol Hepatol 2012;10(2):117-125. doi:10.1016/j.
cgh.2011.08.016, PMID:21893127.

[94] Grgic J, Mcllvenna LC, Fyfe 1J, Sabol F, Bishop DJ, Schoenfeld BJ, et al.
Does Aerobic Training Promote the Same Skeletal Muscle Hypertrophy as
Resistance Training? A Systematic Review and Meta-Analysis. Sports Med
2019;49(2):233-254. doi:10.1007/s40279-018-1008-z, PMID:30341595.

[95] West ], Gow PJ, Testro A, Chapman B, Sinclair M. Exercise physiology in
cirrhosis and the potential benefits of exercise interventions: A review. J
Gastroenterol Hepatol 2021;36(10):2687-2705. doi:10.1111/jgh.15474,
PMID:33638197.

[96] Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al.
The diagnosis and management of nonalcoholic fatty liver disease: Prac-
tice guidance from the American Association for the Study of Liver Dis-
eases. Hepatology 2018;67(1):328-357. do0i:10.1002/hep.29367, PMID:
28714183.

[97] Villareal DT, Chode S, Parimi N, Sinacore DR, Hilton T, Armamento-Villar-
eal R, et al. Weight loss, exercise, or both and physical function in obese

Gallo P. et al: Sarcopenia in NASH-cirrhosis

older adults. N Engl J Med 2011;364(13):1218-1229. doi:10.1056/NEJ-
Moa1008234, PMID:21449785.

[98] Maharshi S, Sharma BC, Sachdeva S, Srivastava S, Sharma P. Efficacy of Nu-
tritional Therapy for Patients With Cirrhosis and Minimal Hepatic Encepha-
lopathy in a Randomized Trial. Clin Gastroenterol Hepatol 2016;14(3):454~
460.e3. doi:10.1016/j.cgh.2015.09.028, PMID:26453952.

[99] European Association for the Study of the Liver. EASL Clinical Practice
Guidelines on nutrition in chronic liver disease. J Hepatol 2019;70(1):172-
193. doi:10.1016/j.jhep.2018.06.024, PMID:30144956.

[100] Ney M, Vandermeer B, van Zanten SJ, Ma MM, Gramlich L, Tandon P.
Meta-analysis: oral or enteral nutritional supplementation in cirrhosis.
Aliment Pharmacol Ther 2013;37(7):672-679. doi:10.1111/apt.12252,
PMID:23421379.

[101] Tsien CD, McCullough AJl, Dasarathy S. Late evening snack: exploit-
ing a period of anabolic opportunity in cirrhosis. J Gastroenterol Hepatol
2012;27(3):430-441. doi:10.1111/j.1440-1746.2011.06951.x, PMID:220
04479.

[102] Tsien C, Davuluri G, Singh D, Allawy A, Ten Have GA, Thapaliya S, et
al. Metabolic and molecular responses to leucine-enriched branched
chain amino acid supplementation in the skeletal muscle of alcoholic cir-
rhosis. Hepatology 2015;61(6):2018-2029. doi:10.1002/hep.27717,
PMID:25613922.

[103] Chen CJ, Wang LC, Kuo HT, Fang YC, Lee HF. Significant effects of late
evening snack on liver functions in patients with liver cirrhosis: A me-
ta-analysis of randomized controlled trials. ] Gastroenterol Hepatol
2019;34(7):1143-1152. doi:10.1111/jgh.14665, PMID:30883904.

[104] Marchesini G, Bianchi G, Merli M, Amodio P, Panella C, Loguercio C, et
al. Nutritional supplementation with branched-chain amino acids in ad-
vanced cirrhosis: a double-blind, randomized trial. Gastroenterology
2003;124(7):1792-1801. doi:10.1016/s0016-5085(03)00323-8, PMID:
12806613.

[105] Gluud LL, Dam G, Les I, Cérdoba J, Marchesini G, Borre M, et al. Branched-
chain amino acids for people with hepatic encephalopathy. Cochrane Da-
tabase Syst Rev 2015;9:CD001939. doi:10.1002/14651858.CD001939.
pub3, PMID:26377410.

[106] Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, Kato A, et al. Effects
of oral branched-chain amino acid granules on event-free survival in pa-
tients with liver cirrhosis. Clin Gastroenterol Hepatol 2005;3(7):705-713.
doi:10.1016/s1542-3565(05)00017-0, PMID:16206505.

[107] Nicastro H, Artioli GG, Costa Ados S, Solis MY, da Luz CR, Blachier F, et al.
An overview of the therapeutic effects of leucine supplementation on skel-
etal muscle under atrophic conditions. Amino Acids 2011;40(2):287-300.
doi:10.1007/s00726-010-0636-x, PMID:20514547.

[108] Hole¢ek M. Beta-hydroxy-beta-methylbutyrate supplementation and
skeletal muscle in healthy and muscle-wasting conditions. J Cachexia
Sarcopenia Muscle 2017;8(4):529-541. doi:10.1002/jcsm.12208, PMID:
28493406.

[109] Roman E, Torrades MT, Nadal MJ, Cardenas G, Nieto JC, Vidal S, et al.
Randomized pilot study: effects of an exercise programme and leucine
supplementation in patients with cirrhosis. Dig Dis Sci 2014;59(8):1966-
1975. doi:10.1007/s10620-014-3086-6, PMID:24599772.

[110] Lattanzi B, Bruni A, Di Cola S, Molfino A, De Santis A, Muscaritoli M, et
al. The Effects of 12-Week Beta-Hydroxy-Beta-Methylbutyrate Supplemen-
tation in Patients with Liver Cirrhosis: Results from a Randomized Con-
trolled Single-Blind Pilot Study. Nutrients 2021;13(7):2296. doi:10.3390/
nul3072296, PMID:34371806.

[111] Gatineau E, Polakof S, Dardevet D, Mosoni L. Similarities and interac-
tions between the ageing process and high chronic intake of added sugars.
Nutr Res Rev 2017;30(2):191-207. doi:10.1017/S0954422417000051,
PMID:28511733.

[112] Dev R, Wong A, Hui D, Bruera E. The Evolving Approach to Manage-
ment of Cancer Cachexia. Oncology (Williston Park) 2017;31(1):23-32.
PMID:28090619.

[113] Solheim TS, Laird BJA, Balstad TR, Stene GB, Bye A, Johns N, et al. A ran-
domized phase II feasibility trial of a multimodal intervention for the man-
agement of cachexia in lung and pancreatic cancer. J Cachexia Sarcopenia
Muscle 2017;8(5):778-788. doi:10.1002/jcsm.12201, PMID:28614627.

[114] Dewey A, Baughan C, Dean T, Higgins B, Johnson I. Eicosapentaeno-
ic acid (EPA, an omega-3 fatty acid from fish oils) for the treatment of
cancer cachexia. Cochrane Database Syst Rev 2007;2007(1):CD004597.
doi:10.1002/14651858.CD004597.pub2, PMID:17253515.

[115] Remelli F, Vitali A, Zurlo A, Volpato S. Vitamin D Deficiency and Sar-
copenia in Older Persons. Nutrients 2019;11(12):2861. doi:10.3390/
nul1122861, PMID:31766576.

[116] Barchetta I, Angelico F, Del Ben M, Baroni MG, Pozzilli P, Morini S, et
al. Strong association between non alcoholic fatty liver disease (NAFLD)
and low 25(0OH) vitamin D levels in an adult population with normal se-
rum liver enzymes. BMC Med 2011;9:85. doi:10.1186/1741-7015-9-85,
PMID:21749681.

[117] Artaza JN, Norris KC. Vitamin D reduces the expression of collagen and
key profibrotic factors by inducing an antifibrotic phenotype in mesenchy-
mal multipotent cells. J Endocrinol 2009;200(2):207-221. doi:10.1677/
JOE-08-0241, PMID:19036760.

[118] Ebadi M, Bhanji RA, Mazurak VC, Lytvyak E, Mason A, Czaja AJ, et al.
Severe vitamin D deficiency is a prognostic biomarker in autoimmune
hepatitis. Aliment Pharmacol Ther 2019;49(2):173-182. doi:10.1111/
apt.15029, PMID:30484857.

[119] Becker C, Lord SR, Studenski SA, Warden SJ, Fielding RA, Recknor CP, et al.
Myostatin antibody (LY2495655) in older weak fallers: a proof-of-concept,
randomised, phase 2 trial. Lancet Diabetes Endocrinol 2015;3(12):948-
957. doi:10.1016/52213-8587(15)00298-3, PMID:26516121.

286 Journal of Clinical and Translational Hepatology 2024 vol. 12(3) | 278-286


https://doi.org/10.1111/ajt.15577
http://www.ncbi.nlm.nih.gov/pubmed/31448486
https://doi.org/10.1093/gerona/glr070
http://www.ncbi.nlm.nih.gov/pubmed/21572082
https://doi.org/10.1111/liv.14253
http://www.ncbi.nlm.nih.gov/pubmed/31518481
https://doi.org/10.1111/jgh.12227
http://www.ncbi.nlm.nih.gov/pubmed/23577962
https://doi.org/10.5009/gnl18070
http://www.ncbi.nlm.nih.gov/pubmed/30037166
https://doi.org/10.1093/gerona/57.5.m326
http://www.ncbi.nlm.nih.gov/pubmed/11983728
https://doi.org/10.4161/adip.28546
http://www.ncbi.nlm.nih.gov/pubmed/26317048
https://doi.org/10.1016/j.tem.2015.05.006
https://doi.org/10.1016/j.tem.2015.05.006
http://www.ncbi.nlm.nih.gov/pubmed/26059707
https://doi.org/10.2147/CIA.S32356
https://doi.org/10.2147/CIA.S32356
http://www.ncbi.nlm.nih.gov/pubmed/22866000
https://doi.org/10.1016/j.exger.2014.09.016
http://www.ncbi.nlm.nih.gov/pubmed/25281504
https://doi.org/10.1038/s41598-018-20677-7
http://www.ncbi.nlm.nih.gov/pubmed/29396436
https://doi.org/10.1097/TP.0000000000000245
http://www.ncbi.nlm.nih.gov/pubmed/25531893
https://doi.org/10.1016/j.cgh.2014.04.016
http://www.ncbi.nlm.nih.gov/pubmed/24768811
https://doi.org/10.1038/s41598-017-18320-y
https://doi.org/10.1038/s41598-017-18320-y
http://www.ncbi.nlm.nih.gov/pubmed/29311671
https://doi.org/10.1002/lt.24958
http://www.ncbi.nlm.nih.gov/pubmed/29024353
https://doi.org/10.1016/j.jhep.2015.11.004
http://www.ncbi.nlm.nih.gov/pubmed/27062661
https://doi.org/10.3748/wjg.v20.i23.7286
http://www.ncbi.nlm.nih.gov/pubmed/24966599
https://doi.org/10.1002/hep.24412
http://www.ncbi.nlm.nih.gov/pubmed/21563202
https://doi.org/10.1016/j.cgh.2011.08.016
https://doi.org/10.1016/j.cgh.2011.08.016
http://www.ncbi.nlm.nih.gov/pubmed/21893127
https://doi.org/10.1007/s40279-018-1008-z
http://www.ncbi.nlm.nih.gov/pubmed/30341595
https://doi.org/10.1111/jgh.15474
http://www.ncbi.nlm.nih.gov/pubmed/33638197
https://doi.org/10.1002/hep.29367
http://www.ncbi.nlm.nih.gov/pubmed/28714183
https://doi.org/10.1056/NEJMoa1008234
https://doi.org/10.1056/NEJMoa1008234
http://www.ncbi.nlm.nih.gov/pubmed/21449785
https://doi.org/10.1016/j.cgh.2015.09.028
http://www.ncbi.nlm.nih.gov/pubmed/26453952
https://doi.org/10.1016/j.jhep.2018.06.024
http://www.ncbi.nlm.nih.gov/pubmed/30144956
https://doi.org/10.1111/apt.12252
http://www.ncbi.nlm.nih.gov/pubmed/23421379
https://doi.org/10.1111/j.1440-1746.2011.06951.x
http://www.ncbi.nlm.nih.gov/pubmed/22004479
http://www.ncbi.nlm.nih.gov/pubmed/22004479
https://doi.org/10.1002/hep.27717
http://www.ncbi.nlm.nih.gov/pubmed/25613922
https://doi.org/10.1111/jgh.14665
http://www.ncbi.nlm.nih.gov/pubmed/30883904
https://doi.org/10.1016/s0016-5085(03)00323-8
http://www.ncbi.nlm.nih.gov/pubmed/12806613
https://doi.org/10.1002/14651858.CD001939.pub3
https://doi.org/10.1002/14651858.CD001939.pub3
http://www.ncbi.nlm.nih.gov/pubmed/26377410
https://doi.org/10.1016/s1542-3565(05)00017-0
http://www.ncbi.nlm.nih.gov/pubmed/16206505
https://doi.org/10.1007/s00726-010-0636-x
http://www.ncbi.nlm.nih.gov/pubmed/20514547
https://doi.org/10.1002/jcsm.12208
http://www.ncbi.nlm.nih.gov/pubmed/28493406
https://doi.org/10.1007/s10620-014-3086-6
http://www.ncbi.nlm.nih.gov/pubmed/24599772
https://doi.org/10.3390/nu13072296
https://doi.org/10.3390/nu13072296
http://www.ncbi.nlm.nih.gov/pubmed/34371806
https://doi.org/10.1017/S0954422417000051
http://www.ncbi.nlm.nih.gov/pubmed/28511733
http://www.ncbi.nlm.nih.gov/pubmed/28090619
https://doi.org/10.1002/jcsm.12201
http://www.ncbi.nlm.nih.gov/pubmed/28614627
https://doi.org/10.1002/14651858.CD004597.pub2
http://www.ncbi.nlm.nih.gov/pubmed/17253515
https://doi.org/10.3390/nu11122861
https://doi.org/10.3390/nu11122861
http://www.ncbi.nlm.nih.gov/pubmed/31766576
https://doi.org/10.1186/1741-7015-9-85
http://www.ncbi.nlm.nih.gov/pubmed/21749681
https://doi.org/10.1677/JOE-08-0241
https://doi.org/10.1677/JOE-08-0241
http://www.ncbi.nlm.nih.gov/pubmed/19036760
https://doi.org/10.1111/apt.15029
https://doi.org/10.1111/apt.15029
http://www.ncbi.nlm.nih.gov/pubmed/30484857
https://doi.org/10.1016/S2213-8587(15)00298-3
http://www.ncbi.nlm.nih.gov/pubmed/26516121

	﻿﻿Abstract﻿

	﻿﻿﻿﻿Introduction﻿

	﻿﻿﻿Sarcopenia in CLD﻿

	﻿﻿﻿﻿Sarcopenia and NAFLD﻿

	﻿﻿﻿Sarcopenic obesity﻿

	﻿﻿﻿Peculiar pathogenesis of sarcopenia in patients with post-NASH cirrhosis and obesity﻿

	﻿﻿﻿Insulin resistance﻿

	﻿﻿﻿Chronic inflammation﻿

	﻿﻿﻿Myokines﻿

	﻿﻿﻿Dysbiosis﻿

	﻿﻿﻿Physical inactivity﻿

	﻿﻿﻿Myosteatosis﻿


	﻿﻿﻿﻿Management﻿

	﻿﻿﻿Physical exercise﻿

	﻿﻿﻿Nutritional intervention and supplements﻿

	﻿﻿﻿Macronutrients﻿

	﻿﻿﻿Other supplements﻿


	﻿﻿﻿﻿Strengths and limitations﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿References﻿


